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Background

The consumption of fresh beef in the United Kingdom has decreased during the past 25 years (National Food Survey, 2001). The outbreaks
of BSE and foot and mouth disease in the country in the last ten years have had a negative impact on the farming industry. During this period of
time, the intake of fat from the diet has decreased but has not yet reached the recommendations of the COMA report (1994) in terms of human
health. However, the low fat content of beef meat and information that fatty acid composition can be changed to make it healthier are positive
points to promote its consumption. Grass-based diets or inclusion of other sources of long-chain n-3 polyunsaturated fatty acids (PUFAs), such
as linseed or fish oils, produce meat with high n-3 fatty acids (FA) composition whereas concentrate-based diets increase the content of n-6 FA
in the meat. Nevertheless, long-chain PUFAs are unstable and may produce undesirable odours and flavours by oxidising during storage or
cooking. These off-flavours may cause rejection of the meat by the consumer even though it is healthier in terms of human nutrition.

Objectives

The aim of this study was to assess the influence of diet and conditioning (a main processing procedure beneficial for tenderisation) on the
acceptability of beef meat by the British consumer.

Methods

Sixty-one Charolais- and twelve Angus-cross steers from three different trials divided into ten different feeding groups were used in
this survey. Diets were chosen according to their different FA composition: concentrate (high in n-6 FA), grass silage (high in n-3 FA), three
different levels of protected linseed, PLS (high in o-linolenic acid, C18:3 n-3) plus a control diet and three different levels of protected fish oil,
PFO (high in long chain n-3 FA, EPA and DHA) plus a control diet based on Megalac ®. They were slaughtered between 19 and 24 months
of age. The left side loin of each animal was separated from the carcass 48 hours after slaughter, vacuum packaged and conditioned at 1 °C
for an extra 5 days. At7, 14 and 21 days post slaughter, 2-cm thick steaks were cut from each loin, vacuum packaged, frozen and kept at -18
°C until analysis. Samples were thawed at 1 °C overnight prior to consumption. Sessions took place under controlled conditions, in separate
booths and with red light masking colour differences. Meat was cooked under a grill at 220 °C turning over every three minutes until reaching
an internal temperature of 74 °C. Comparisons were done among each diet at one conditioning time or among conditioning times in each diet.
130 people took part in the consumer test (Table 1). This gave a minimum of 43 and a maximum of 67 judgments per diet and conditioning
time. Consumers were told to mark how much they liked tenderness and flavour and their overall acceptability in an 8-point category scale
from 1-*dislike extremely’ to 8-’like extremely’. Statistical analyses were performed using SPSS through a GLM procedure. When significant,
Means were compared using an LSD procedure post hoc.

Results and discussion

Table 2 shows the significance of the main effects. Diet affected tenderness liking (p<0.05) and, especially, flavour liking (p<0.01) and
Overall liking (p<0.001). Conditioning highly influenced all three parameters (p<0.001), which agrees with previous findings of the effect of
Cconditioning on sensory properties (Campo e al., 1999). Of consumer factors, gender had a significant effect on tenderness liking (p<0.05).
No other characteristic had an effect, nor interactions were found between consumer characteristics, diet or conditioning.

Effect of diet

Although there were statistical differences between the diets in tenderness liking, all values were in the positive part of the scale between
like slightly and like moderately (Table 3). PFO2 had the highest score and was considered different from grass silage, concentrate and the
Protected linseed diets. Nevertheless, the main effects of the diet were on flavour and overall likings. Control PLS and PFO3 had the highest
Scores for flavour liking and were significantly different from grass silage, concentrate, PLS2 and PLS3 diets. It appears that, in these samples,
the inclusion in the diet of sources of a-linolenic acid decreased consumer satisfaction. This can be seen in the continuous fall of the score as
the inclusion of protected linseed increased in the diet from PLS1 to PLS3. Perhaps protection of C18:3 in linseed oil from biohydrogenation
Caused too-high levels in meat (fatty acid data available soon). Campo et al. (2003) characterised C18:3 as a source of abnormal odours, such
as “fishy’ or ‘putty’ that may have influenced consumer appraisal. On the other hand, the inclusion of sources in the diet of long-chain n-3 FA
Increased liking from PFO1 to PFO3, although not significantly. A similar tendency was observed in overall liking where consumers liked
Contro] PFO, PFO2 and PFO3 the most among all the diets.

Effect of conditioning

_ Itis known that tenderisation occurs mainly in the first few days after slaughter, although it develops continuously throughout conditioning.
1_ hese changes, that are perceived by a trained taste panel (Campo et al., 1999), were also perceived by consumers (Table 4). Tenderness

llking increased by 5.25 % between 7 and 14 days of conditioning and even continued to increase slightly up to 21 days, where the rate of

Meat tenderisation is very small. Conditioning also affected flavour liking positively. Although the increase in the rating was not as great
©ween 7 and 14 days as it was for tenderness liking, it rose even higher by 21 days, which demonstrates the beneficial and necessary effect of

CUndilioning beef at least for 14 days. Overall liking followed a similar pattern.

Effect of gender of consumer

Although scores for tenderness liking by both men and women ranged between like slightly and like moderately (Table 5), women gave
OWer scores for tenderness than men. This could be related to the lower threshold that females have in sensory perception compared with males
Nakazato et al., 2002). However, no differences were found in flavour and overall liking according to gender.
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Correlations

Correlations were calculated between the parameters (Table 6). Although all parameters were significantly correlated (p<0.001) possibly
due to the high number of observations, overall liking was more influenced by flavour liking (r>=0.90) than by tenderness liking (?=0.81). It
has been said that tenderness is the main factor that influences consumer acceptability of meat. However, samples were offered with at least 7
days of conditioning, which with considered chilling is sufficient to avoid very tough meat. This means that the consumer can focus on flavour
when meat is tender (Goodson et al., 2002) and flavour becomes the major factor in acceptability.

Conclusion

The inclusion in the diet of sources of o-linolenic acid may affect flavour negatively if C18:3 is too high and produce a decline in acceptability.
British consumers prefer the tenderness and flavour of beef conditioned for 21 days to that conditioned for shorter periods. Flavour is an important
factor in consumner acceptability, highly correlated to overall liking, which can be modified by the fatty acid composition of the muscle. Human
nutrition can be enhanced by the inclusion of higher levels of long-chain -3 FA in beef meat without most consumers rejecting it.
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Table 1. General characteristics of the group of consumers used in  Table 4. Influence of conditioning on tenderness, flavour and overall

this study. liking, 8 * (sd).
n=130 7d 14 d 21d
Age < 35 years 41.4 % Tenderness liking  5.03 b (0.06) 5.45a(0.06) 5.47 a (0.07)
35-50 29.3 % Flavour liking 5.21b(0.06) 5.45a(0.06) 5.57a(0.06)
>50 years 29.3 % Overall liking 5.07b (0.06) 5.40a(0.06) 5.50a(0.06)
Gender Female 42.3 %
Male 57.7 % Table 5. Influence of gender on tenderness, flavour and overall liking,
Marital status Single 40.0 % 8 + (sd).
Married/partner 54.6 % Men Women
Div/separ/widow 5.3 % Tenderness liking 5.41a(0.05) 5.23 b (0.06)
Education School to 16 20.0 % Flavour liking 5.37 (0.04) 5.45 (0.05)
School to 18 23.8 % Overall liking 5.33 (0.05) 5.32 (0.05)
University 26.9 %
MSc, PhD 29.2 % Table 6. Correlation between tenderness, flavour and overall liking.
n=168.
Table 2. Significance of main factors. Tenderness liking Flavour liking
Diet Conditioning  Consumer Gender Flavour liking 0.61 *** -
Tenderness liking * ok * Overall liking (181 Aers 0.90/***
Flavour liking ok n.s. n.s. = no significant; * = p<0.05; ** = p<0.01; *** = p<0.001;
Ll S abd Different superscripts denote significant differences among
Overall liking o n.s. e mennvakies
Table 3. Influence of diet on tenderness, flavour and overall liking, 8 * (sd).
Concentrate Slr f:: C;’)i‘;"l PLSI  PLS2  PLS3 Cg;‘oml PFOl  PFO2  PFO3
Fenderncss Hking 5.18 bF 5.09 ¢ 5.33 abe 5.23 be 5.18 be 5.22 be 5.47 ab 5.36 abe 5.65a 5.49 ab
& 0.12) 0.12) (0.13) (0.12) (0.12) 0.12) (0.12) 0.12) 0.12) 0.12)
Blavonriikine 5.26 bed SiOS d 5.68a 5.49 abe 5.29 bed 5.20 cd 5.57 ab 5.40 abe 5.53 ab 5.62a
& 0.11) 0.11) (0.12) 0.12) (0.11) 0.11) (0.11) (0.11) 0.12) 0.11)
Overalilliias 5.19 bed 4954 5.49 ab 5.35 abe 5.20 bed 5.09 cd 5.53a 5.35 abe 5:93% 5.57 a
= (0.12) (0.12) (0.12) (0.11) (0.11) (0.11) 0.11) 0.12) (0.11) 0.12)
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